of their resistance as a function of temperature and through scarming electron microscopy. The results of these characterizations are presented here.
DEPOSITICkN OF FILMS
Deposition of the films was performed in a CHAIndustries electron beamevaporator. The system is equipped with a four hearth gun, allowing deposition of the multi-layer stack without breaking vacuum. Thickness of the layers was controlled via an Inficon XTC thickness monitor and rate controller.
The depositions were calibrated by measurementsof step heights using a surface profilometer.
A cross sectional drawing of the structure of a typical as deposited film is shown in Figure i . First approximately 510Aof copper was deposited on the substrate. This was followed by an approximately 480i thick layer of yttrium which was followed by an approximately 1920A thick layer of barium fluoride.
For most of our depositions, this multi-layered sequencewas repeated four times for a total of twelve layers.
For the thicknesses listed above, the film is characterized by a barium/yttrium atomic ratio of 2.25 and a copper/yttrium atomic ratio of 3.01, which has produced our best results on SrTiO_ substrates.
Wehave investigated the properties of f11ms wlth barlum/yttrlum ratlos ranging from 1.9 to 4.0 and copper/yttrium ratios ranging from 2.8 to 3.5. Wehave used barium flouride rather than elemental barium since barium flouride is less reactive. The temperature was then ramped to 450°C at a rate of -2°C/min. The sampleswere held at 450°C for 6hr and then the temperature was rampedto room temperature at -l°C/min.
SUBSTRATE
During the high temperature portion of the anneal the ambient consisted of ultra high purity oxygen bubbled through room temperature water to assist in removal of fluorine from the films.
Dry oxygen was used during all other portions of the annealing process.
CHARACTERIZATION
Ohmic contacts were formed on the films to allow measurementof their resistance as a function of temperature. Most of the samples were rectangular in shape with widths of approximately 5mmand lengths of approximately icm. The contacts for these samples were deposited by evaporation of I/Jm of silver through shadowmasks to produce four stripes across the width of the samples.
For some irregularly shaped samples, shadowmaskswhich produced four dots were used. The contacts were annealed in dry oxygen at 500°C for lhr.
The temperature was rampedto 250°C at a rate of -2°C/min and then to room temperature at -l°C/min.
The samples were mounted to a sample holder and gold ribbon bonds were madebetween the silver contacts and bonding posts. A four probe DCmeasurement was employedto determine the resistance. The samples were cooled in a closed cycle helium refrigerator. Measurementswere performed from room temperature to well below the transition temperature for superconducting films or to approximately 10K for non-superconducting films.
Scanning electron microscopy (SEM)was employed to observe the morphology of the films.
In addition, several of the films on SrTiO3 substrates were analyzed by x-ray diffraction spectroscopy (XDS) to observe orientation and the presence of other phases. Figure 2 is a plot of the distribution of composition for several films.
RESULTS
Eachpoint on the plot represents the combination of Cu/Y ratio and Ba/Y ratio used for a deposition. Each of these films was madewith a 12 layer deposition and was between 1.0 and 1.2;nn thick before annealing. All of the samples shownin this plot were annealed with the procedure described above for 45min at 900°C. A few films with composition well outside the range plotted here (larger Ba/Y ratios) were also deposited.
They are not plotted since they had a small residual resistance below the "transition" temperature even though they showed a fairly sharp onset of superconductivity and transition.
Films of manyother compositions were also deposited but were not annealed at the sameconditions and are thus not plotted here.
Associated with each point on the plot are two numbers and a letter.
The first number is the onset temperature in Kelvin. The second number is the temperature below which the resistance of the sample was zero. The letter "m" refers to a metallic behavior of the normal state resistance with temperature while the letter "s" One of the films with a critical temperature o_ 85K was remeasured at two later times.
The resistance as a function of temperature from 70K to 120K from these measurements is shown in Figure 4 . The initial measurement is marked by the squares. The second measurement, plotted with crosses, was made14 days later. The normal state resistance had increased by approximately .8Q from the first measurement. The transition had degraded only slightly over this period.
The sample was measured a third time 33 days after the first measurement,shownby the circles in Figure 4 . The normal state resistance was seen to have increased very slightly from the second measurement. There was no additional change in the superconducting transition temperatures. -__=;,h,.L._. L "',_.,-,¢. .
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